INTRODUCTION {#sec1-1}
============

Bonding of composite resins to dentin possesses a challenge to the clinician. The dentin is intrinsically wet and highly organic as compared to enamel, which makes the penetration of resin monomers difficult.\[[@ref1][@ref2]\] The traditional bonding strategies involve etching the dentinal surface and application of low viscous primer/bonding agents, which infiltrates into the demineralized dentinal tubules and form of a "hybrid" layer.\[[@ref1]\] It has been shown that the resin monomers are not able to fully infiltrate the demineralized dentin, and a part of demineralized dentin remains susceptible to hydrolytic degradation.\[[@ref1][@ref3][@ref4]\] Moreover, the remaining water can get entrapped in the hybrid layer and deteriorate the bond strength.\[[@ref4]\] The use of hydrophilic monomers acts as a semipermeable membrane and allows movement of water, classically described as "water tree" phenomenon.\[[@ref1]\] This exposes both resin and exposed collagen fibers to degradation by hydrolysis.\[[@ref1][@ref5][@ref6][@ref7]\] To allow better penetration of resin monomers into water-rich dentinal tubules, ethanol-wet bonding (EWB) has been recommended.\[[@ref8][@ref9]\] It involves gradual replacement of water present in interfibrillar spaces with increasing concentrations of ethanol and subsequently replacing ethanol with hydrophobic primers and resins.\[[@ref8][@ref9]\]

Since the bonding of resins depends upon an effective infiltration of resin monomers, any surface/morphological variation in the dentin will affect the resin-dentin bond.\[[@ref10][@ref11]\] The clinically relevant changes in the dentinal substrate are commonly induced by dental caries. The carious dentin has two layers: the outer carious "infected dentin" and the inner carious or "caries-affected dentin" (CAD).\[[@ref11]\] The infected dentin is highly decalcified with irreversibly denatured collagen fiber.\[[@ref11]\] The infected dentin needs to be completely excavated whereas the caries affects dentin is relatively less decalcified and does not require its removal.\[[@ref10][@ref11]\] Although the dentinal tubular lumen is filled with acid resistant whitelock mineral casts, the CAD has reduced mechanical properties as compared with normal dentin (ND).\[[@ref11]\] Many authors have shown that bonding with CAD is somewhat inferior than a normal dentinal substrate.\[[@ref12][@ref13][@ref14][@ref15]\] A very few studies have evaluated the effect of EWB on the CAD. Huang *et al*.\[[@ref16]\] evaluated the effect of EWB with hydrophobic adhesive to sound dentin and to the CAD. The authors reported that simplified EWB improved the bond strength in carious dentin but reduced the bond strength in ND.

The aim of the present study was to evaluate the effect of EWB on the microtensile bond strength (TBS) of normal and CAD. This study tested the null hypothesis that different bonding strategies or substrates have no effect on bond strength.

MATERIALS AND METHODS {#sec1-2}
=====================

Extracted nonrestored human maxillary and mandibular permanent molars, with occlusal dental caries, were selected. The samples were used within 1 week of their extraction. Twenty-four teeth with radiographic sign of dental caries extending up to middle-third of dentin were used in the study. Teeth were sectioned perpendicularly 5 mm below the cementoenamel junction to attach the samples to cold cure resin block. The teeth were sectioned through the deepest part of occlusal fissure, perpendicular to the long axis of crown, to expose the carious lesion and to remove enamel overhangs. The carious dentin was excavated by conventional excavators and round carbide burs in an air turbine handpiece. The extent of excavation was based on tactile sensation of hardness to an explorer. The caries was excavated until a relatively hard, CAD, surrounded by sound dentin, was exposed. The dentinal surface was ground with 600-grit silicon carbide (SiC), under copious water irrigation, till an even flat surface was obtained. A single operator prepared all samples to reduce interoperator variability.

The dentinal surface was etched with 37% phosphoric acid (3M ESPE, St. Paul, MN, USA) for 15 s. The surface was thoroughly rinsed with water and left moist before bonding procedures. The samples were divided into two groups (*n* = 12) on the basis of water-wet bonding (WWB) or EWB. The samples in WWB group were restored using Adper Scotchbond Multi-Purpose (3M ESPE), a three-step etch-and-rinse adhesive. In EWB group, the wet dentin surface was treated with three 100% ethanol applications for 30 s each. An experimental hydrophobic primer was prepared by diluting the component 3 of Adper Scotchbond Multi-Purpose in 50 weight% with absolute ethanol. Two applications of experimental resin were done followed by nondiluted component 3 and light curing. The composition and mode of application of the bonding systems used in this study are presented in [Table 1](#T1){ref-type="table"}. After application of bonding agent, the samples were restored with a composite restorative material (Z350, 3M ESPE). The specimens were stored in distilled water at 37°C for 24 h. The samples were vertically sectioned to produce 1 mm thick flat slabs. The normal and CAD were identified in the flat slabs. The slabs were further sectioned into 1 mm wide and 1 mm thick slabs using a diamond saw, under water lubrication. The ND slabs and CAD slabs were identified and separated from each other. A total of four slabs (two ND slabs and two CAD slabs) were obtained from each tooth. The slabs from two teeth in each group were subjected to histological analysis. The remaining slabs (*n* = 10 teeth/group, 20 slabs each for normal and CAD) were mounted on a universal instron testing machine (Zwick GmbH and Co., Germany) with the help of a cyanoacrylate adhesive. The samples were stressed to failure at a crosshead speed of 0.5 mm/min. The TBS was calculated as the load at failure divided by the bonded area (1 mm^2^).

###### 

Different adhesive systems used in the study with their composition and application mode
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Slabs from remaining two teeth in each group were subjected to microscopic evaluation. The slabs were attached to a glass slide with a clear cyanoacrylate adhesive. The slabs were ground with 600, 800, 1200, and 2400 grit SiC paper under copious water irrigation and were analyzed with light microscope at × 100 magnification. The junction of resin and dentin was identified, and quality of hybrid layer was evaluated. The results of micro-TBS (µTBS) were recorded on Microsoft Excel Sheet (Microsoft Office Excel 2007) for statistical evaluation, using the program SPSS 11.5 for Windows (SPSS Inc., Chicago, IL, USA). The data were analyzed by two-way ANOVA to examine the effect of different variables (normal vs. CAD, WWB vs. EWB) on the µTBS. *Post hoc* multiple comparisons were carried out using the Holm--Sidak method.

RESULTS {#sec1-3}
=======

The µTBS of all groups is shown in [Table 2](#T2){ref-type="table"}. Overall, the ND (46.8 MPa) had significantly higher µTBS than CAD (24.5 MPa) (*P* \< 0.05). EWB improved the µTBS in ND (41.4 MPa vs. 52 MPa); however, EWB did not improve the µTBS in CAD (25.5 MPa vs. 23.6 MPa) (*P* = 0.224) (two-way ANOVA) \[[Table 3](#T3){ref-type="table"}\].
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Microtensile bond strength values (MPa) of different adhesive strategies and dentin substrates
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Two-way ANOVA (*P*\<0.001)
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Microscopical analyses {#sec2-1}
----------------------

[Figure 1](#F1){ref-type="fig"} shows the hybrid layer in ND. The WWB group had a minimal hybrid layer with somewhat collapsed scaffold. The EWB group had a distinct wide hybrid layer with signs of resin infiltration into demineralized dentinal tubules. [Figure 2](#F2){ref-type="fig"} shows the CAD and resin interface. There is a lack of distinct hybrid layer. The dentinal tubules show some sclerotic activity, and there are signs of a tubular hard tissue formation.

![(a) resin-dentin interface in normal dentin-water-wet bonding group, *r* denotes resin composite, and *d* shows dentin. There is minimal hybrid layer with somewhat collapsed scaffold. (b) The normal dentin-ethanol-wet bonding group shows a distinct wide hybrid layer](JCD-19-419-g004){#F1}

![Caries-affected dentin and resin interface lacking a distinct hybrid layer. Sclerotic dentin along with hard tissue formation can be appreciated](JCD-19-419-g005){#F2}

DISCUSSION {#sec1-4}
==========

The bond strength and microscopic analysis indicated that the use of an EWB approach improved the resin-dentin bonds with ND but not with CAD. Thus, the null hypothesis -- different bonding strategies or substrates have no effect on bond strength -- should be partially rejected.

The current dental resin adhesive is made hydrophilic to improve their penetration into water-rich dentinal substrate.\[[@ref1]\] These hydrophilic monomers have adhesion promoting property. However, due to increased hydrophilicity, these monomers can absorb water, both in cured and in uncured states.\[[@ref1][@ref2][@ref3][@ref4][@ref5]\] This allows for water movement across the hybrid layer and can cause hydrolysis of resin and collagen fibers.\[[@ref1][@ref2][@ref3][@ref4][@ref5]\]

The dental adhesive requires a wet dentinal substrate for infiltration of resins.\[[@ref4][@ref5]\] Drying the dentinal surface leads to formation of hydrogen bonds between the collagen fibers.\[[@ref8]\] This shrinks the collagen scaffold and reduces the interfibrillar space, thus limiting the penetration of resin monomers.\[[@ref8]\] To overcome this problem, the dentinal substrate is kept moist. Water, because of its polar activity, can easily break the H-bonds between the collagen fibers and re-expand the shrunk collagen fibers.\[[@ref8]\] This water surrounds the collagen fibers. During bonding procedures, the resin monomers should displace this water.\[[@ref8][@ref9]\] However, it is very difficult to completely remove the water during priming of dentin.\[[@ref1][@ref3][@ref7]\] This problem gets worsen if hydrophobic monomers are present in dental adhesives. As stated above, the trapped water can lead to deterioration of resin-dentin bonds by hydrolytic degeneration. A viable solution to this problem is to replace the water with ethanol.\[[@ref8]\]

Ethanol can also expand the collagen fibers and has a property to stiffen the collagen fibers before solvent evaporation.\[[@ref8]\] The resin monomers can easily replace ethanol than water from interfibrillar spaces. The EWB involves two steps: first, the water in the interfibrillar spaces is gradually replaced with increasing concentrations of ethanol, and then the ethanol is gradually replaced by monomers mixed with ethanol and finally with neat hydrophobic monomers.\[[@ref17][@ref18]\] The aim of EWB is to maintain the collagen fibers in an expanded condition and simultaneously allowing the penetration of hydrophobic monomers, with similar solubility parameters.\[[@ref8]\] Li *et al*.\[[@ref19]\] evaluated the EWB with contemporary etch-and-rinse adhesives and reported that EWB could improve the bonding efficacy, probably due to the good wettability of ethanol-saturated dentin and the structure of the hybrid layer. Similar results were reported by a study evaluating the bond strength of resin-dentin interfaces created with adhesives applied on root dentin using the WWB or EWB technique.\[[@ref20]\] In the present study, the µTBS was improved in EWB group with normal dentinal substrate. The microscopic evaluation showed better resin diffusion and improved hybrid layer in EWB group. The microscopic analysis results were similar to confocal microscopy results reported by Sauro *et al*.\[[@ref20]\] However, with CAD, the EWB did not improve the µTBS values. The µTBS values were lower in CAD as compared to ND, even after EWB protocols. The adhesion of resin composites depends upon the structural and morphological properties of dentinal substrate. In response to the carious process, there is deposition of minerals in the dentinal tubules, which may affect the infiltration of resin monomers.\[[@ref11][@ref12]\] Various studies have reported that CAD substrate presents with lower bond strength than ND.\[[@ref12][@ref13][@ref14][@ref15]\] The microscopic analysis in the present study showed signs of sclerotic activity and atubular hard tissue formation. This could have prevented the penetration of resin monomers, thus hampering hybrid layer formation. The intertubular dentin in CAD is partially demineralized with high intrinsic water content. The simplified approach of EWB might not be able to fully replace the water with ethanol and hydrophobic monomers.

EWB involves progressive dehydration with increasing ethanol concentrations. Traditionally, the dentin is saturated with 50% ethanol followed by 70%, 80%, 95%, and three applications of 100% ethanol for 30 s. This method is less technique sensitive and allows for better water removal from interfibrillar spaces. However, this progressive protocol takes a long time and is clinically difficult to perform.\[[@ref21][@ref22]\] A simplified EWB has been introduced which involves three applications of 100% ethanol for 30 s.\[[@ref21][@ref22]\] This method is less time-consuming and clinically acceptable. There are some possible limitations of this study. A major limitation was the lack of simulated pulpal pressure and aging. As described before, the water movement through the hybrid layer leads to hydrolytic degradation and subsequent deterioration of resin-dentin bonds. Another unavoidable limitation was the lack of standardization of CAD substrate. In natural carious lesions, the extent and amount of demineralization cannot be standardized, and there is always an inherited variability in the dentinal substrate.

CONCLUSIONS {#sec1-5}
===========

Within the limitations of the present study, it can be concluded that the use of simplified EWB improves the µTBS in ND whereas it has no effect in CAD.

Financial support and sponsorship {#sec2-2}
---------------------------------

Nil.

Conflicts of interest {#sec2-3}
---------------------

There are no conflicts of interest.
